In response to public and official request, an initial assessment of health risks was carried out in a water reuse system located at the south outskirt of Mexico City. The effluent from a secondary wastewater treatment plant (5 m3/sec) flows throughout a network of canals, and used to irrigate more than 200 hectares of farming land, which also contributes to aquifer recharge. This study provided baseline information on the epidemiology of "sentinel" health events and their associations with water and sanitation related variables.
Introduction
The earliest wastewater reclamation practice can be traced back to the Minoan civilization, in ancient Athens (Asano, 1996) . In the nineteen century, the rapid growth of Europe's major cities resulted in widespread sewage soil application on the outskirts of urban centers; "sewage farms " were advocated as an appropriate strategy for resource recycling and prevention of river pollution (Feachem, 1983) . At the turn of the century, the "germ theory" of diseases was rapidly adopted in most western societies, fostering ideals of aseptic environments, achievable through emerging and promising technologies.
Today, cropland application of wastewater is practiced on every continent, with exception of Antarctica (Chang and Page, 1993) . In Israel water reuse priority is to recycle 80% of total treated wastewater; in the USA alone, more than 3 400 projects using wastewater for various purposes have been recorded in the last 10 years, and Japan has launched an ambitious wastewater reclamation program (Shuval 1986) . Well-operated wastewater reuse systems also provide the opportunity for land reclamation in semiarid settlements; if used to irrigate tree belts around urban centers, wastewater reuse may ameliorate desertification and dust storms.
It must be considered, however, that water and land reclamation practices can induce changes that could be considered as detrimental. Furthermore, Third World countries, often affected by water scarcity, can rarely afford sophisticated technology for advanced wastewater treatment and reclamation, and reuse of untreated and insufficiently treated wastewater represents a public health risk. If the growth of settlements had been limited by low availability of water, and if, through reuse of water, human activities increase, then environmental risk may emerge. Available evidence indicates risk from enteric infections, particularly Ascaris lumbrcoides and Trichuris trichiura, in agricultural farmers exposed to both untreated and insufficiently treated wastewater (Shuval 1986 , Cifuentes x,y); there is circumstantial evidence on risk of cholera and typhoid in consumers of uncooked vegetables irrigated with wastewater. Indeed, the list of "waterborne" pathogens will continue to evolve as new methodologies are developed, allowing for the detection of more elusive organisms, responsible for both old and emerging diseases (PAHO, 1994) .
In Mexico, demographic growth and financial constraints are contributing to debate on water reuse policies. Both the Ministry of Health (MoH) and the Agriculture and Hydraulic Resources Ministry (MoAHR) have issued water quality guidelines for crop irrigation. Untreated wastewater irrigation of vegetables potentially eaten raw is not allowed, whereas a range of crops (i.e. cereals and fodder) can be irrigated with an effluent containing no more than 1 000 fecal coliforms per 100 mL; no crop restriction applies for treated water complying with 1989 WHO guidelines (WHO, 1989) . Some farming settings already receive wastewater with this recommended quality; one of the most important settings is Xochimilco, where the effluent (5 m3 / sec) of an advanced secondary treatment plant (activated sludge process and chlorination) flows through the canals and used for irrigation and aquifer recharge. The main agricultural production consists of flowers, fodder, maize and vegetables. In response to official request, we are conducting a heath evaluation on risk from water reclamation practices. The following questions are being addressed:
Is wastewater reuse and land reclamation associated with risk of Cryptosposridium infection and diarrheal diseases in children from Xochimilco? Which risk factors, other than exposure to reclaimed water, are associated with risk of enteric infection and diseases?
Study Population and Methods
The study area (Xochimilco) is located at the southern outskirts of Mexico City, throughout the remainings of the pre-hispanic farming system (13th century), on the edge of the basin (Figure 1 ). Briefly described clusters of agricultural plots ("chinampas"), enclosed by interwoven poles of reeds and framed by canals, resulting in a highly efficient irrigation scheme. These plots were originally built by accumulating layers of mud, dredged from the bottom of the lake, and then deposited upon marshes or shallow lake areas.
Today, Xochimilco mirrors growing conflicts between town and country. The expanding city extracts increasing volumes of groundwater, and Xochimilco receives partly treated wastewater in return. The effluent (5 m3 / sec) of an advanced secondary treatment plant (activated sludge process and chlorination) flows through the canals and used for irrigation and aquifer recharge. The main agricultural production consists of flowers, fodder, maize and a wide range of vegetables (e.g. carrots, broccoli) Previous studies have reported significant levels of FC in soil and vegetable samples. Open canals are subject to illegal discharges from farms and new homesteads (Sepulveda et al 1987) .
Preliminary fieldwork included training field workers and laboratory technicians. Initial activities involved the characterization of the area, and a census was carried out in FebruaryMarch 1996, during which we obtained households written consent to participate in the study. A pilot study was conducted in April, and the main purpose was to test all procedures, and to get an estimate of the sample size needed. Final calculations indicated that 320 children would provide 90% power, be sufficient to detect an odds ratio of 1.5 (diarrheal diseases). This calculation was adjusted for non-response by 0.15. Only households having children under 5 years of age were included in the study. Families having no children and those planning to departure in the following 6 months (migrants) were excluded from further consideration.
Two cross sectional surveys were carried throughout 1996-1977, corresponding to the rainy season and the dry months, respectively. The target population was children under 5 years of age; acute diarrheal diseases and Cryptosporidium parvum infection are the health outcomes reported in this paper. Population data was gathered by means of structured questionnaires and parasitological tests. The former focussed on hygiene and sanitation related variables (e.g. source of drinking water, basic sanitation, activities involving contact with water from the canals, cattle raising and usual sources of vegetables), and socioeconomic data included mother's literacy, occupation of the head of the household, dwellings building materials and number of bedrooms. During the visit, mothers were asked about their children's diarrheal episodes, using a recall period of the previous two weeks, as recommended by WHO (1984) . At the end of each home visit, labeled 60 ml plastic vials containing 20 ml of formol at 10% were provided for every child; stool samples were collected the next day and transported in ice packs to the laboratory for parasitological tests. Wet mount preparation of the specimens in physiologic saline and iodine concentration were examined. The formalin-ether concentration technique and Sheather´s sugar flotation technique (Nimri 1994 ) were conducted on each specimen, which were treated with trichrome and modified acid fast stains (Kinyoun) for the proper identification of oocysts.
Water samples were collected from the effluent of the treatment plant, as well as from selected points throughout the irrigation canal and wells nearby (e.g. La Noria). Briefly described: water samples were collected in sterile disposable polystyrene vessels containing sodium thiosulfate, and transported -stored in accordance with the guidelines described in the Handbook for Evaluating Water Bacteriological Laboratories (Geldreich EE, 1975 Handbook... 2nd Ed EPA 670/9-75-006 Env. Protection Agency, Cincinnati, USA). The microbiological quality indicators used were fecal coliforms/ 100 mL and total coliforms (UFC). Preliminary testing for cysts and oocysts of Giardia and Cryptosporidium were carried out in samples from the effluent of the plant and selected wells.
Data management and analysis.
Data was field coded, double entered and cleaned before analysis; software used was FoxPro 2.6a. A composite definition was used for acute episodes of diarrhea (occurrence of three or more loose stools passed in a day, as suggested by WHO (1984) . Cryptosporidium infection was assessed microscopically (presence or absence). Univariate analysis was done for each health outcome separately, and testing for risk factors. Logistic regression analysis involved dummy variables, by using STATA (version 1995) . In this presentation we included only those factors significantly associated with both diarrhea and infection with Cryptosporidium. Water samples were processed by using Colilert, an EPA approved method (DS Technology). Water samples were incubated during 24 hours at 35°C and read using the most probable numbers tables (MPN). Data reflect both detection and enumeration of both total coliforms and E. coli simultaneously (Edberg SC, Allen MJ, Smith DB, 1989).
Following the initial purpose of the study, study data were displayed in spatial figures (i.e. water quality in the canals). This figures were generated by the incorporation of the data into automated mapping / GIS, created in a personal computer, by using Map Info software (MapInfo Professional 4.0. for Windows).
Results
The microbiological quality of water from the canals around the homesteads is summarized in Figure 1 . According to our procedures, FC and TC were not detected in the main effluent from the treatment plant.
A total of 731 dwellings were contacted, but only 541 of them censused; reasons for exclusion were households with no child living in that dwelling at the time of the visit (6%), or not inhabited at all, or those planning to departure (9%), and those simply refusing to collaborate in the study (11%). General characteristics of the study population are displayed in Table 1 , which shows that drinking water supplies were particularly poor in S Lorenzo, where 14% of the dwellings lack of any facility; as data showed, more than 40% of households in L Santisima only have a tap in the front yard. Excreta disposal facilities were particularly poor in Xaltocan and Caltongo, whereas better facilities were detected in S.Lorenzo and Asuncion (86 and 63%). On the other hand, poor building materials (dust floor and corrugated roof) were mostly found in Caltongo, S Lorenzo ans Xaltocan (16, 14 and 11%, respectively); most crowded dwellings (more than 2 individuals sharing a bed) were mostly detected in S Lorenzo, L Santísima and Caltongo (71 and 65%).
A total of 335 children were involved in the rainy season; repeated home visits resulted in 90 % stool samples compliance. According to the methods employed, the overall prevalence of diarrhea was 14.5 %, whereas the prevalence of infection with Cryptosporium was 5.5 %. The distribution of cases by compoud (chinampa), however, showed the highest rates of diarrheal diseases in S Lorenzo (33%), followed by Caltongo, L Santisima and Xaltocan (18, 13 and 7%). The highest prevalence of infection with Cryptosporidium spp was detected in L Santísima (13%), followed by Caltongo and S Lorenzo (8 and 5%, respectively). Table 2 shows the results from the logistic regression analysis on diarrheal diseases. The highest prevalence of diarrhea was observed in children under two years of life (around 20%), and lower rates were observed in older individuals (OR= 1.8 and 95% CI= 1.20 -3.12). When drinking water supplies and sanitation related variables were included in the analysis, it was found that risk was associated with water frequent breakdowns (17.5 vs 11.2%, and OR= 1.7, and 95% CI .95 -2.99) and presence of a latrine at home (OR= 1.7 and 95% CI= .94 -3.13). It was found that children from farming households cultivating salad crops had a higher risk of diarrheal episodes (OR= 2.2 and 95% CI= .93 -5.43). When socioeconomic factors were included in the analysis, children living in crowded dwellings had a higher risk of diarrhea (OR=1.8 and 95% CI= 1.02 -3.1); the risk was also higher in children from households where the breadwinner is a factory worker, than in other occupational categories (OR= 4.3, . No association with mother's education was observed, but complementary data suggested a high proportion of children suffering concurrent illnesses at the time of the survey (OR= 6.4 and 95% CI= 2.2 -18.6).
The results on risk from Cryptosporidium infection are illustrated in Table 3 . As data showed, children from households storing water in unprotected buckets had the highest prevalence of infection (13.3 %), and lower rates were observed in the covered recipient group (3.4%); in the final analysis, the risk of infection was nearly three times higher in the unprotected tank group (OR= 2.92 and 95% CI = 1.37 -6.23). Children playing or swimming in the canals had a higher risk than those without recreational contact (OR= 3.53, with 95% CI = 1.05 -11.87). The risk of infection was three times higher in children from dwellings with lower standards of hygiene (e.g. wastes around yard, 95% CI= 1.07 -8.37), whereas the opposite association was detected among the "better-off" dwelling's materials group (e.g. cement roof, 95% CI= 0.10 -0.83). Other socioeconomic variables (e.g. mother's education) showed no association with Cryptosporidium infection.
Discussion.
Land and water reclamation projects require thorough consideration to public health. Despite increasing numbers of reclamation projects, data on health risk is limited and debatable; the assessment of protection measures constitutes an urgent enterprise. This study provided baseline data on risk factors for enteric infections, the overall performance of the water treatment plant and observed changes in quality of effluent through the network of canals around Xochimilco.
According to the methods used, children in this study showed higher prevalence of diarrheal diseases than the general population (6%); age specific rate was unduly high in the youngest individuals (20%). Data suggested that the risk of diarrheal episodes were mostly associated with household's variables, namely poor access to water supplies and crowding conditions, as well as cultivation of vegetables.
The prevalence of infection with Cryptosporidium in children from Xochimilco was 5.4 %. In this study, the risk of infection with Cryptosporidium was mostly associated with unsafe drinking water storage practices and recreational exposure (i.e. swimming in the canal), whereas better dwelling conditions showed protective associations. Furthermore, it must be remebered that most enteric infections are asymptomatic. The age specific rates of diseases observed in this study may well reflect the development of active immunity. Subjects with asymptomatic infections shed pathogens in their faeces, and may play an important role in the dissemination of enteric diseases, mainly because individuals do not know that they are infected do no take special precautions to avoid infecting others.
This first approach suggested that health risk is not restricted to water, intended mostly for crop irrigation; anthropogenic activities and growth of settlements seem to be creating the necessary conditions for the transmission of enteric diseases. As data illustrated, that enteric diseases may be transmitted through fecal-oral routes, inadequate sanitation and deficient hygiene conditions. These enteropathogens reach water, food and soil either directly or indirectly through poorly processed sewage effluents, or seepage from septic tanks and sanitary landfills, and infect other people. The explosive dissemination of cholera in Latinoamerica since 1991 was a warning indication of widespread sanitary deficiencies, infrastructure deterioration and lack of control on untreated sewage discharges.
In addition, data from this initial assessment suggest that the water treatment plant is complying with current effluent quality guidelines for unrestricted crop irrigation (0 bacterial coliforms/100 mL). Nevertheless, as data showed, high concentration of indicators of faecal pollution were detected throughout the canals, around the more dense compounds, reflecting a series of discharges of untreated sewage. These illegal discharges abolish the expected effect from the water treatment facilities.
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Final comments address the issues of regulations, microbiological quality guidelines and health protection measures. The presence of fecal coliforms / 100 mL in water samples is traditionally considered as an indication of the potential presence of waterborne pathogens, whereas their absence is generally interpreted as evidence of water free of pathogens. However, waterborne outbreaks have occurred when the MCL for bacterial indicators has not been exceeded (Moore et al, 1994 , Parsonnet et al, 1989 . Several studies in industrialized countries have shown some of this pathogens to be present in pristine waters at concentrations that may pose a public health risk, in spite of strict water quality regulations (Cryptos contamination of water in USA and UK: a mini-review (Lisle and Rose, 1995 , Andersson 1991 , Moore et al, 1994 . It is worth to underline that . Cryptosporidim parvum may resist water disinfection ), and able to survive for extended periods of time in the environment (Rose 1993). 
